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MM CBKNOXXm UPIIS88BD IS BOSlttOFHItS 
TSCHHICAI. BACKOKODITB 
The pr.aent invention relates to novel nucleotide and amino acid 
se<^enc.. of a chemokine found in eosinophils and to the u^e of these 
se<iuanceB in the diagnosis and treatment of disease. 

BACKOnOtTHD JUtT 

ChamnfcliiaB 

The che^okines are a family of cytokines that are produced when the 
i»nu„e system responds to non-self anti,ens. such as invading microorganis..,. 
or antigens of an incompatible tissue type and are associated with leukocyte 
trafficking in abnormal, inflammatory or diseased conditions. Chemokines 
mediate the expression of particular adhesion molecules on endothelial cells 
and they generate gradients of chemoattractant factors which activate 
specific cell types. In addition, the chemokines stimulate the proliferation 
Of specific cell types and regulate the activation of cells which bear 
specific receptors. These activities demonstrate a high degree of target 
cell specificity. 

The Chemokines are small polypeptides, generally about 70-100 amino 
acids in length, 8-11 kD in molecular weight and active over a 1-100 ng/ml 
concentration range. Initially, they were isolated and purified from 
15 inflamed tissues and characterized relative to their bioactivity. More 
recently, chemokines have been discovered through molecular cloning 
techni^es and characterized by structural as well as functional analysis 

The chemokines are related through a f our-cysteine motif which is based 
primarily on the spacing of the first two cysteine residues in the mature 
20 molecule. Currently the chemokines are assigned to one of two families the 
C-C Chemokines ,a) and the C-X-C chemokines (S, . Although exceptions exist 
t:l>e C-X-C chemokines generally activate neutrophils and fibroblasts while the 
C-C chemokines act on a more diverse group of target ceils which include 
monocytes/macrophages, basophils, eosinophils. T lymphocytes and others The 
25 known chemokines of both families are synthesized by many diverse cell types 
as reviewed in Thomson A. (1994) The Cytokine Handbook, 2d Ed. Academic 
Press, NY. The two groups of chemokines will be described in turn. 

C-C chemokines appear to have less N-terT.inal processing than the C-X-C 
Chemokines. Known human and/or murine C-C chemokines include MlP-la and 6- 
30 1-309; RA,^ES and MCP-1 . The macrophage infla^torv proteins alpha and beta 
<MlP-la and S, were first purified from stimulated mouse macrophage cell line 
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«d .llcited „ i„fl.™«torv rosponse when injected, into „o™i tlosues At 
le..t three distinct «<5 non-.ll.lic ,enes encode hu^ „ip.,„. ^.^^^ 
distinct genes encode Mlp-ifi. 

MlP-la .nd MZP.IB, consist of 68-65 ,„i„o «id, which „e ,bout 70» 
5 identic: in their .cidic. «ture secreted for^s. They are both expressed in 
«..uisted . ceiis. B ceU. .nd monocytes in response to ^ito.ens , l^^l 
>nd endotoxxn. .nd both polypeptides bind heparin. while both molecules 
stxH^lste monocyte,. MlP-la ch«.oattracts the CO-8 subset of T lyn^hocytes 
and eosinophils, while HXP-l. che^oattracts the CD-, subset of T lymphocytes 
10 in mouse, these proteins are Known to stimulate myelopoiesis . ^ ^ 

■ 1-309 was Cloned from a hu^an r-6 T cell line and shows 42» a»ino acid 
.dent.ty to T cell activation ,ene 3 ,^3, cloned fro™ „ouse. There s 
considerable nucleotide ho«clo^ between the flan.in, regions of t^,ese two 
proteins, and they share an extra pair o. cysteine residues not found Z 
15 other che^oKines. Such similarities surest 1-309 and TrA3 are species 
hon„lo«s Which have diverged over time in both se<^ence and function 

B cell.,, xn platelets, in some tumor cell lines, and in stimulated 
rh.u«coid synovial fibroblasts. In the latter, it is regulated by 
xnterleukins-l and -4. transfor^n, nerve factor and interferon-y. The cO,« 
c oned from T cell, encodes a basic 8 ys. protein which lac.s K-lin.ed 
,ly=osyl.cxon and is able to affect lymphocytes, monocytes, basophils and 
eosxnophils. The expression of RANTES m«KA is substantially reduced 
following T cell stimulation. 

appears"°tT' " ' ^« -i- «id Protein which 

appears to be expressed in almost all cells and tissues upon stimulation by . 
variety of agents. The targets of HCP-l. however, are limited to monocytes 
and basophUs in which it induces a KCP-l receptor:G protein-lin.ed calcium 
Mux (Charo I, personal co^nunication, . TVo other related proteins ,MCP-2 
«d MCP-3, were purified from a human osteosarcoma cell line. „cP-2 and 
MCP-3 have 62, and 73% amino acid identity, respectively, with MCP-1 and 
share its chemoactractant specificity for monocytes. 

international Publication Number WO 95/17092. published June 29 1995 
and Its priority document. United States Application Serial .umber 08;208 339 
35 filed March 8. 1994 disclose the nucleotide and amino acid se^ence of MIP3 
a chemolcxne found in an aortic endothelium cDNA library that has 66% 
Similarity to MlP-la. 

The chexnokine molecules have been reviewed in Schall TJ (1994) 
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Chaaotactic Cytokines: Targets for Therapeutic Development. International 
Business Conraunications , Southborough, MA, pp 180-270; and in Paul WE (1993) 
Fundamental Inotiunology , Raven Press, New York City (NYC), pp 822-B26. 
goetnophlle 

5 Eosinophils are bi- or roulti -nucleate white blood cells which contain 

basophilic or eosinophilic granules formed during their development by highly 
active golgi and ribosomal machinery. The plasma membrane is not 
structurally distinct from that of other leukocytes, but it is characterized 
by inanunoglobulin (Ig) receptors, particularly igG and IgE. These cells are 

XO forrned throughout life from pluripotent stem cells and play a crucial role in 
systemic defense protecting the body from microorganisms and foreign 
proteins. In comparison to a total of 7000 white blood cells per microliter 
of blood, the number of eosinophils is normally about 160 cells per 
microliter. Eosinophils, generally six days worth, are formed and stored in 

15 the bone marrow until they are recruited to the site of inflammation or 
invasion . 

Eosinophils have a special function in parasitic infections. They 
attach to parasitic larvae, presumably via their Ig receptors, and undergo 
degranulation in response to interleukin-5 (IL-5>, lL-3, granulocyte/monocyte 

20 cell stimulating factor (GM-CSF) produced by activated T cells and mast cells 
of the host (Abu-Ghazaleh RI, Kita H. Gleich GJ (1992) Immunol Ser 57:137.€7; 
or other factors produced by the parasite. Degranulation releases many 
active species including the following: Dhydrolytic enzymes such as 
peroxidase, acid phosphatase, phosphol ipase , B glucuronidase, ribonuclease . 

25 arylsulfatase emd cathepsin; 2) highly reactive superoxides; and 3} ma:cx 
basic protein (MBP) , an arginine-rich potent larvicidal polypeptide and 
eosinophil cationic protein (Capron M (1992) Mem Inst Oswaldo Cruz 87(S5):P: 
9). Eosinophils are produced in great quantities in persons with helmi^t.^.:r 
infections such as hookworm, schistosomiasis, toxocariasis, trichuriasis. 

30 filariasis, strongyloidiasis, echinococcosis, cysticercosis, and trichinot-t 
for example. 

Large numbers of eosinophils also collect in tissues such as the hear: . 
lungs, central nervous system, sinuses and skin where allergic reactions 
commonly occur. They are chemoattracted to the sice of inflammation or 
35 invasion by eosinophil chemotactic factor, platelet activation factor, 

complement 5a, or IL-5 which are released by mast cells and basophils during 
the allergic reaction. Eosinophils neutralize slow reacting substance of 
anaphylaxis (a mixture of leukotrienes) and histamine released by roast cells 



3 



W MlUl PCT/US96A)5102 



and basophils; produce eosinophil derived innibitor which prevents 
deyranulstion of ««t cells; and phagocytize antigen-antibody complexes, all 
of which downregulate the hypersensitivity response. 

Eosinophilia. an excess of eosinophils, i.e. more than 500 per 
5 microliter of blood, is conai«nly observed in patients with allergies, hay 
fever, asthna and. reactions to d^gs as con^on as aspirin, sulfonamides and 
penicillins. Eosinophilia is also associated with rheumatoid arthritis and 
cancers such as Hodgkins lymphoma, chronic myelogenous leukemxa. and 
carcinomas of the lung, scotwch, pancreas, ovaries, uterus and liver . 
10 Eosinophilia may cause tissue damage by excessive degranulation and is 
usually treated with glucocorticoid chemotherapy. 

Eosinophils, their morphology, function and relation to disease are 
reviewed, inter alia, in Guyton AC (1991) Textbook of Medical Physiology WB 
Saunders Co, Philadelphia PA; Isselbacher KJ et al (1994) Harrison's 
15 Principles of Internal Medicine, McGraw-Hill, New York City, pp 1437-1504 
and Zucker-Franklin D et al (1988) Atlas of Blood Cells, Function and 
Pathology. Lea and Febiger, Philadelphia PA. 

Current techniques for diagnosis of abnormalities in inflamed or 
diseased tissues mainly rely on observation of clinical symptoms or 
20 serological analyses of body tissues or fluids for hormones, polypeptides or 
various metabolites. Patients often rr^ifest no clinical symptoms at early 
stages of disease development. Furthermore, serological analyses do not 
always differentiate between invasive diseases and genetic syndromes which 
have overlapping or very similar ranges. Current methods of treating 
25 inflammatory conditions involve administration of steroids and other drugs 
, with multiple side effects. The discovery of novel chemokines involved in 
inflammatory conditions provides the basis for the development of safer and 
more accurate diagnostic and therapeutic compositions and methods. 
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OISCLOSURS OF THE IbrvSNTION 

The present invention relates to novel nucleotide and amino acid 
sequences for a chemokine initially found in a cDNA library rrade from blood 
cells from a patient diagnosed with Hypereosinophilic Syndrome at the Mayo 
Clinic. The new gene, which is known as eosinophilic expressed chemokine, or 
35 eec (Incyte Clone 288236), encodes the polypeptide designated EEC. a new 

member of the C-C chemokine family. The present invention relates to the use 
of the nucleotide and amino acid sequences of EEC in the study, diagnosis and 
treatment of disease states related to leukocyte trafficking in abnormal. 
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InfloRimAtory or diseased conditions, such as in Eos inophi 1 ia . Eosinophilia 
is defined as a dramatic increase in the number of eosinophils per microliter 
of blood. It has been observed in the following conditions: collagen 
vascular diseases such as rheumatoid arthritis, eosinophilic fasciitis, 
allergic angitis, periarteritis nodosa, and granulomotosiB ; malignancies such 
as Hodgkin's lymphoma, mycosis fungoides, chronic myelogenous leukemia and 
cancer of the lung, stomach, pancreas, ovaries or uterus; helminthic 
infections such as hookworm, schistosomiasis, toxocariasis, trichuriasis, 
filariasis, strongyloidiasis, echinococcosis, cyst icercosis . and trichinosis; 
hypereos inophi lie syndromes such as Loeffler's syndrome, Loeffler's 
endocarditis, eosinophilic leukemia, eosinophil myalgia, and idiopathic 
hypereosinophilic syndrome; and allergies and asthma. 

The present invention is based in part on the amino acid homology that 
EEC shares with other members of the C-C che.tiokine family and in part upon 
the presence of nucleotide sequences for EEC in an eosinophilic cDNA library. 
The nucleotide and amino acid sequences for EEC have similarity to the 
nucleotide and amino acid sequences for MIP3 disclosed in International 
Publication Number WO 95/17092, published June 29, 1995, and its priority 
document. United States Application Serial Number 08/208,339 filed March 8, 
1994. 

The present invention is therefore based on the discovery of a novel C- 
C chemokine, EEC, that is associated with leukocyte trafficking in abnormal, 
inflammatory or diseased conditions. EEC and nucleotide sequences that encode 
it and oligonucleotides, peptide nucleic acid (PNA), fragments, portions or 
antisense molecules thereof, provide the basis for diagnostic methods for the 
early and accurate detection and/or quantitation of EEC associated with 
inflammatory or diseased conditions. For example, the eec nucleotide 
sequences disclosed herein, which encode EEC, or fragments thereof, may be 
used in hybridization assays of biopsied cells or tissues or bodily fluids to 
diagnose abnormalities in individuals having or at risk for inflammation. 

An abnormal level of nucleotide secjuences encoding EEC in a biological 
sample may reflect a chromosomal aberration, such as a nucleic acid deletion 
or mutation. Accordingly, nucleotide sequences encoding EEC provide the 
basis for probes which can be used diagnostical ly to detect chromosomal 
*^iTations such as deletions, mutations or chromosomal translocations in the 
gene encoding EEC. Eec gene expression may be altered in such disease 
states or there may be a chromosomal aberration present in the region of the 
gene encoding EEC. 
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Th. pr««„t invention also provides for oec antiaense molecules or EEC 
antagonistB which may be used to block the activity of EEC, i.e., leukocyte 
trafficking, in conditions where it is desirable to block the activity of the 
chemokine. such as inf lan«wition . Alternatively, eec sense molecules or EEC 
5 agonists may be used to enhance the activity of the EEC in conditions where 
it is desirable to enhance leukocyte trafficking, such as in acute or chronic 
infection, where it may be desirable to increase leukocyte trafficking. 

The present invention also relates to expression vectors and 
genetically engineered host cells comprising eec nucleotide sequences for the 
10 i n Y i trg or i n v i VA production of the nucleotide and amino acid se^juences. 

Additionally, the present invention relates to the use of a EEC 
polypeptide, or fragment or variant thereof, to produce anti-EEC antibodies 
and to screen for antagonists or inhibitors of the EEC polypeptide which can 
be used diagnostically to detect and quantitate EEC protein levels in .lisease 
IS states. 

The present invention also relates to pharrnaceutical compositions 
con5»risins effective amounts of inhibitors or antagonists of EEC protein or 
EEC anti-sense nucleic acid in conditions where it is desirable to reduce the 
activity of the chemokine, for exa«,ple. in the treatment of inflammation 
20 The present invention also relates to phar^ceutical compositions comprising 
effective amounts of agonists of EEC, or other molecules capable of enhancing 
EEC activity, for use in treating conditions v^ere it is desirable to enhance 
leukocyte trafficking, for example, in infection. 

The invention further provides diagnostic assays and kits for the 
25 detection of EEC in cells and tissues comprising a purified EEC which may be 
used as a positive control, and anti-EEC antibodies. Such antibodies may be 
used in solution-based, membrane -based, or tissue-based technologies to 
detect any disease state or condition related to the expression of protein 
or expression of deletions or variants thereof. 



30 



BXZKT ©ISCRIPTIOM OF DRAWIBOS 

Figure 1 displays the nucleotide sequence for eosinophilic expressed 
chemokine, eec. and the predicted amino acid sequence of EEC. 

Figure 2 shows the amino acid alignment of EEC with other human 
35 chemokines of the C-C family, including MlP-la. SEQ ID NO: 3; MlP-ib, SEQ ID 
NO:4; MCP-1. SEQ ID NO:5; MCP-2. SEQ ID NO:6; MCP-3, SEQ ID NO : 7 ; RANTES. SEQ 
ID NO:8; and Majority. SEQ ID NO:9, Alignments shown in Figures 2 and 5 were 
produced using the multi sequence alignment program of DNASTAR software 
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•Nucleic «id se<p.e„ce- «s used herein refer, to .„ oligonucleotide 
nucleotide or polynucleotide eec^ence, end fr»5n«.nts or portion, thereof, and 
to DKA or RNA of aenomic or si„thetic origin which may be double- stranded or 
einale-stranded, whether representing the sense or entisense strand. As used 
herein -anino acid sequence- refers to peptide or protein se-^ences or 
portions thereof. As used herein, lower case -eec- refers to a nucleic acid 
•e^ence whereas upper case -EEC- refers to a protein se,^ence. As used 
herexn. peptide nucleic acid (PMA) refers to a class of intonnational 
molecules that have a neutral -peptide like- backbone with nucleobases that 
allow molecules to hybridize to complementary DNA or RNA with higher affinUy 
and specificity than corresponding oligonucleotides (PerSeptive Biosystem, 1- 
800-899-5858). 

AS used herein. EEC encompasses EEC from any mammalian species 
including bovine, ovine, murine, porcine, e<wine and preferably human 
L5 sources, in naturally occurring or in variant for™, or from any source 
whether natural, synthetic, semi -synthetic or recombinant. 

AS used herein, -naturally occurring- refers to a EEC with an a^ino 
acid sequence found in nature, and -biologically active- refers to a EEC 
having structural, regulatory or biochemical functions of the naturally 

0 occurring EEC, including immunological activity. Naturally occurring EEC also 
encompasses those EECs arising from post-translational modifications of the 
polypeptide including but not limited to acetylation, carboxylation, 
glycosylation, phosphorylation, lipidation and acylation. As used herein 
•immunological activity is defined as the capability of the natural, 

5 recombinant or synthetic EEC or any oligopeptide thereof, to induce a 

specific immune response in appropriate animals or cells and to bind with 
specific antibodies. 

The tem -derivative- as used herein refers to the chemical 
modification of an EEC. Illustrative of such modifications is replacement C 

J hydrogen by an alkyl. acyl. or amino group. A EEC polypeptide derivative 
retains essential biological characteristics of a naturally occurring EEC 
EEC derivative also refers to those EEC polypeptides derived from natural 
occurring EEC by chemical modifications such as ubi<piitination. labeling 
(e.g.. with radionuclides, various enzymes, etc., pegylation (derivati zat ■ c- 

1 with polyethylene glycol), or by insertion or substitution by chemical 
synthesis of amino acids such as ornithine, which do not normally occur in 
huium proteins. 

AS used herein, the term -purified- refers to molecules, either nucleic 
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or amino acid sequences, that are ren,ov,d fron, their natural environment and 
iaolated or separated from at least one other component with which they are 
naturally associated. 

•Recombinant variant EEC- refers to any EEC polypeptide differing from 
S naturally occurring EEC by amino acid insertions, deletions, and 

substitutions, created using recombinant DNA techniques. Guidance in 
detennining which amino acid residues nay be replaced, added or deleted 
without abolishing activities of interest, such as cell adhesion and 
chen,ot«xis. may be found by comparing the sequence of the particular EEC with 
10 that of homologous cytokines and minimizing the number of amino acid sequence 
changes made in regions of high homology. 

Preferably, amino acid -substitutions" are the result of replacing one 
amino acid with another amino acid having similar structural and/or chemical 
properties, such as the replacement of a leucine with an isoleucine o.: 
15 valine, an aspartate with a glutamate, or a threonine with a serine, i.e. 
conservative amino acid replacements. -Insertions' or -deletions- ere 
typically in the range of about 1 to 5 aa . The variation allowed may be 
•xperinentally determined by systematically nwiking insertions, deletions or 
.ubstitutions of amino acids in an EEC molecule using recombinant DNA 
20 techniques and assaying the resulting recombinant variants for activity. 

Where desired, a -signal or leader seq-.ence- can direct the polypeptide 
through the membrane of a cell. Such a sequence may be naturally present on 
the polypeptides of the present invention or provided from heterologous 
protein sources by recombinant DNA techniques. 
25 AS used herein, an EEC -fragment.- -portion,- or "segment- refers is a 

stretch of amino acid residues which has sufficient length to display 
biologic and/or immunogenic activity and in preferred embodiments will 
contain at least about 5 amino acids, at least about 7 amino acids, at least 
about 8 to 13 amino acids, and. in additional embodiments, about 17 or more 
30 aioino acids. 

AS used herein, an -oligonucleotide- or polynucleotide -fragment" 
•portion.- or -segment- refers to any stretch of nucleic acids encoding EEC 
which is of sufficient length to use as a primer in polymerase chain reacti„. 
(PCR) or various hybridization procedures known to those of skill i„ the art 
35 for the purpose of identifying or an^lifying identical or related nucleic 
acids . 

The present invention includes purified EEC polypeptides from natural 
or recombinant sources, vectors and host cells transformed with recombinant 
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nucleic acid molecules encoding EEC. Various methods for the isolation of 
the EEC polypeptides may be accomplished by procedures well known in the art. 
For exajnple. such polypeptides may be purified by immunoaf f inity 
chromatography by employing the antibodies provided by the present invention. 
5 Various other methods of protein purification well known in the art include 
those described in Deutscher M (1990) Methods in Enzymology, Vol 182, 
Academic Press. San Diego; and Scopes R (1982) Protein Purification: 
Principles and Practice. Springer-Verlag . NYC, both incorporated herein by 
reference . 

10 As used herein the term -recombinant' refers to a polynucleotide which 

encodes EEC and is prepared using recombinant DNA technicjues . The 
polynucleotide which encodes EEC may also include allelic or recombinant 
variants and mutants thereof. 

As used herein the tenii -probe- or "nucleic acid probe* or 
15 -oligonucleotide probe' refers to a portion, fragment, or segment of eec that 
is capable of being hybridized to a desired target nucleotide sequence. A 
probe can be used to detect, amplify or quantify cDNAs or endogenous nucleic 
acid encoding EEC by employing conventional techniques in molecular biology. 
A probe may be of variable length, preferably from about 10 nucleotides up to 
20 several hundred nucleotides. As will be understood by those of skill in the 
art, hybridization conditions and probe design will vary depending upon the 
intended use. For exajnple. a probe intended for use in PCR will be from 
about 15 to 60 nucleotides in length and may be part of a pool of degenerate 
probes, i.e.. oligonucleotides which tolerate nucleotide mismatch but 
25 accommodate binding to an unknown sequence; whereas a probe for use in 
Southern or northern hybridizations may be a single, specific nucleotide 
sequence that is several hundred nucleotides in length. Nucleic acid probes 
may comprise portions of the sequence having fewer nucleotides than about 6 
Jcb and usually fewer than about 1 kb. The oligonucletides and nucleic acid 
30 probes of the present invention may be used to determine whether nucleic acid 
encoding EEC is present in a cell or tissue or to isolate identical or 
similar nucleic acid sequences from chromosomal DNA as described by Walsh PS 
et al (1992 PCR Methods Appl 1:241-250). 

Accordingly, a preferred probe for the specific detection of eec will 
35 comprise a polynucleotide or oligonucleotide fragment from a non-conserved 
nucleotide region of SEQ ID N0:1. As used herein the term -non -conserved 
nucleotide region' refers to a nucleotide region that is unique to SEQ ID 
NO:l and does not comprise a region that is conserved in the family of C-C 
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chetDOkinea . Probes may be sintfle-stranded or double- stranded and may have 
specificity in solution, cell, tissue or inemb r an e- based hybridizations 
including ia^tu and ELISA-like technologies. In an embodiment disclosed 
herein, a nucleotide probe for the detection of EEC encoding nucleotide 
sequences is derived from the nucleotide 8e<juences encoding amino acid 
residues from amino acid residue position 22 to 63, inclusive, of SEQ id 
NO:2. 

Nucleic acid probes of the present invention may be derived from 
naturally occurring or recombinant single- or double-stranded nucleic acids 
or be chemically synthesized. They may be labeled by nick translation, 
Klenow fill-in reaction, PCR or other methods well known in the art. Probes 
of the present invention, their preparation and/or labeling are elaborated in 
Sambrook J et al (1989) Molecular Cloning: A Laboratory Manual, Cold Spring 
Harbor Laboratory. NY; or Auaubel FM et al (1989) Current Protocols in 
Molecular Bioloyy. John Wiley t Sons. KYC. both incorporated herein by 
reference. 

Alternatively, recombinant variant nucleotide sequences encoding the 
polypeptides of the present invention may be synthesized or identified 
through hybridization techniques known to those of skill in the art by making 
use of the -redundancy- in the genetic code. Various codon substitutions, 
such as the silent changes which produce various restriction sites, may be 
introduced to optimize cloning into a plasmid or viral vector or expression 
in a particular prokaryotic or eukaryotic system. Mutations may also be 
introduced to modify the properties of the polypeptide, to change 
ligand-binding affinities, interchain affinities, or polypeptide degradation 
or turnover rate. 
Beaeglnfcifta 
XS£ — coding flegifne^a 

The nucleotide sequence of human eec (SEQ ID NO:l) is shown in Figure 
1. The coding region for EEC was initially identified within a cDNA library 
(Incyte cDNA library EOSIHET02) made from blood cells from a patient 
diagnosed with Hypereosinophilic Syndrome where it was found seven times in 
about 9576 usable sequences. A BLAST search (Basic Local Alignment Search 
Tool; Altschul SF (1993) J. Mol . Evol . 36: 290-300; Altschul SF et al (1990) 
J. Mol. Biol. 215:403-410) comparing the cDNAs of the EOSIHET02 library 
against the primate database of GenBank identified Incyte Clone 288236 as a 
non-exact match to a human 464.2 mRNA for a cytokine effector (GI G34750). 
I*ucleotide sequences encoding EEC were also found one time in about 2553 
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..^•nc.. in . cDNA Ubr.ry .INCVTE UTRSN<«01, ™.d. Uo. ucerus tissue 
B.c-«.e EEC is expressed in eosinophils, the nucleic .cids ,eec, ' 
polypeptides .EEC, snd anti^dies to EEC sre us,..l i„ di.^ostic essays 

S " """""" " °' inna^tion o. disease elL, 

5 the nu»^. and function o. eosinophils. Excessive expression o. EEC can a so 
-ct.vate monocytes, ™croph.,es. .asop.ils. . l^.o.,..3 and.o. othe e 
whxch respond to the che^o.ines and result in the production abundant 

Therefore, a d.a«nost.c test for excess expression of EEC can accelerate 

— — nt Of eosinophUia. an a.no^i condUioI caused 
by v.ral. bacter.al. fun.-l or parasitic infections.- mechanical .n^urv 

xnf.Itratxve dxse „ch as leulcemias and lymphomas.- or other phvsioloa 

«d pathologic problem associated wUh chan.es .„ the nu^^rl of ' 
15 eosinophils. 

Methods for ONA se<^,encin, are well .nown in the art and e^lo. such 
en^s as the Kl.now fragment of ONA poly^rase I. Se<^enase. ,uT eLh , 

T^.T''": cWThero 

T7 polymerase .Wrsha:^. Chicago IL, . or cc^inaticns of recombinant 
" Z '^'' proofreading exonucleases such as the EU..CASE A:„p fication 
Sv«e» ^rveted ^ Ci^o B.. .C.ithershur. M., . Methods to exte.nd th 0,^1 
..o.. « oU,onucleotide pri„er annealed to the ONA ten^late of interelt le 
been developed for ^th sin.le-stranded and douhle-stranded te^lates Can 

» 2Z:T" electrophorZis Ld 

Ichl I" orated, ladled precursors. decent i.prove.,ents .n 

»echan„ed reaction preparation, se^encin, and analysis have permitted 
expansion in the nu::^r of se^ences that can be determined per day 

Lab 2200 ,Ha«.lton. Reno NV, , Peltier Thennal Cycler ,P^200. Ma Research 

r::7r:;;;v^" --^-^ -° - - se_cers:::.in 

The .^.ality of any particular .V^V. library in which polynucleotides 

hlflo!!^ -^NA. „.tochondrial or repetitive OKA, and clones with exact or 
homolooous matches to public databases. 

The nucleotide se<r.ences encoding EEC ,or their complement) have 
nua^roua applications in tech„i.^es tnown to those skilled in the art of 
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molecular biolocry. These techni<jues include use as hybridi 2acion probes, use 
in the construction of oligomers for PCR. use for chromosome and gene 
napping, use in the recombinant production of EEC, and use in generation of 
anti-sense DMA or una. their chemical analogs and the like. Usee of 
5 nucleotides encoding EEC disclosed herein are exemplary of )cnown techniques 
and are not intended to liioit their use in any technicjue known to a person of 
ordinary skill in the art. Furthermore, the nucleotide sequences disclosed 
herein may be used in molecular biology techniques that have not yet been 
developed, provided the new techniques rely on properties of nucleotide 
10 sequences that are currently known, e.g., the triplet genetic code, specific 
base pair interactions, etc. 

It will be appreciated by those skilled in the art that as a result of 
the degeneracy of the genetic code, a multitude of EEC-encoding nucleotide 
sequences, some bearing minimal homology to the nucleotide sequence of any 
15 known and naturally occurring gene may be produced. The invention has 

specifically contemplated each and every possible variation of nucleotide 
ee<iuence that could be made by selecting combinations based on possible codon 
choices. These combinations are made in accordance with the standard triplet 
genetic code as applied to the nucleotide sequence of naturally occurring 
20 -c. and all such variations are to be considered as being specifically 
disclosed. 

Although the nucleotide sequences which encode EEC and/or its variants 
are preferably capable of hybridizing to the nucleotide sequence of the 
naturally occurring eec under stringent conditions, it may be advantageous to 
25 produce nucleotide sequences encoding EEC or its derivatives possessing a 

substantially different codon usage. Codons can be selected to increase the 
rate at which expression of the peptide occurs in a particular prokaryotic or 
eukaryotic expression host in accordance with the frequency with which 
particular codons are utilized by the host. Other reasons for substantially 
30 altering the nucleotide sequence encoding EEC and/or its derivatives without 
altering the encoded amino acid sequence include the production of rna 
transcripts having more desirable properties, such as a greater half-life, 
than transcripts produced from the naturally occurring sequence. 

Nucleotide sequences encoding EEC may be joined to a variety of other 
35 nucleotide sequences by means of well established recombinant DMA techniques 
(cf Sambrook J et al . supra). Useful nucleotide sequences for joining to eec 
include an assortinent of cloning vectors, e.g., plasmids, cosmids, lambda 
phage derivatives, phagemids , and the like, that are well known in the art 
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Victors of interest include expression vectors, replication vectors, probe 
generation vectors, sequencing vectors, and the like. in general, vectors of 
interest may contain an origin of replication functional in at least one 
organism, convenient restriction endonuclease sensitive sites, and selectable 
5 markers for the host cell. 

One aspect of the subject invention is to provide for eec-specific 
nucleic acid hybridization probes capable of hybridizing with naturally 
occurring nucleotide sequences encoding EEC. Such probes may also be used 
for the detection of similar chemokine encoding sequences and should 
10 preferably contain at least 50% of the nucleotides from a C-c encoding 

sequence. The hybridization probes of the subject invention may be derived 
from the nucleotide sequences of the SEQ ID NO:i or from genomic sequences 
including promoters, enhancer elements and/or possible incror.s of the 
respective naturally occurring eecs. Hybridization probes may be labeled by 
15 a variety of reporter groups, including radionuclides such as 32P or 35S, or 
enzymatic labels such as alkaline phosphatase coupled to the probe via 
avidin/biotin coupling systems, and the like. 

PCR as described US Patent Nos 4,683.195; 4,800,195; and 4,965.188 
provides additional uses for oligonucleotides based upon the nucleotide 
20 sequence which encodes EEC. Such probes used in PCR may be of recombinant 
origin, may be chemically synthesized, or a mixture of both and comprise a 
discrete nucleotide sequence for diagnostic use or a degenerate pool of 
possible sequences for identification of closely related genomic sequences. 
Other means of producing specific hybridization probes for eec DNAs 
25 include the cloning of nucleic acid sequences encoding EEC or EEC derivatives 
into vectors for the production of mRNA probes. Such vectors are known in 
the art and are commercially available and may be used to synthesize RKA 
probes in vitro by means of the addition of the appropriate RNA pclyrr.erase as 
T7 or SP6 RNA polymerase and the appropriate radioact ively labeled 
30 nucleotides. 

It is now possible to produce a DNA sequence, or portions thereof, 
encoding EEC and their derivatives entirely by synthetic chemistry, after 
which the gene can be inserted into any of the many available DNA vectors 
using reagents, vectors and cells that are known in the art at the time of 
35 the filing of this application. Moreover, synthetic chemistry may be used to 
introduce mutations into the eec sequences or any portion thereof. 

The nucleotide sequence can be used in an assay to detect inf lainmation 
or disease associated with abnormal levels of expression of EEC. The 
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nucleotide socxuence can be labeled by roethodd known in the art and added to a 
fluid or tissue sample from a patient under hybridizing conditions. After an 
incubation period, the sample is washed with a compatible fluid which 
optionally contains a dye (or other label requiring a developer) if the 
nucleotide has been labeled with an enzyme. After the compatible fluid is 
rinsed off, the dye is quantitated and compared with a standard. if the 
amount of dye is significantly elevated, the nucleotide sequence has 
hybridized with the sample, and the assay indicates the presence of 
inflammation and/or disease. 

The nucleotide sequence for eec can be used to construct hybridization 
probes for mapping that gene. The nucleotide sequence provided herein may be 
mapped to a particular chromosome or to specific regions of that chromosome 
using well known genetic and/or chromosomal mapping techniques. These 
techniques include in situ hybridization, linkage analysis against known 
chromosomal markers, hybridization screening with libraries, flow-sorted 
chromosomal preparations, or artificial chromosome constructions YAC or PI 
constructions. The technique of fluorescent in situ hybridization of 
chromosome spreads has been described, among other places, in Verma et al 
(1989) Human Chromosomes: A Manual of Basic Techniques, Pergamon Press. New 
York City. 

Fluorescent in situ hybridization of chromosomal preparations and other 
physical chromosome mapping techniques may be correlated with additional 
genetic map data. Examples of genetic map data can be found in the 1994 
Genome Issue of Science (265:1981f). Correlation between the location of eec 
on a physical chromosomal map and a specific disease (or predisposition to a 
specific disease) can help delimit the region of DNA associated with that 
genetic disease. The nucleotide sequence of the subject invention may be 
used to detect differences in gene sequence between normal and carrier or 
affected individuals. 
Expr«s»ton of nc 

Nucleotide sequences encoding EEC may be used to produce purified EEC 
using well known methods of recombinant DNA technology. Among the many 
publications that teach methods for the expression of genes after they have 
been isolated is Gceddel (1990) Gene Expression Technology, Methods and 
Enzymology, Vol 185, Academic Press, San Diego CA. EEC may be expressed in a 
variety of host cells, either prokaryotic or eukaryotic. Host cells may be 
from the same species in which eec nucleotide sequences are endogenous or 
from a different species. Advantages of producing EEC by recombinant DNA 
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technoloay include obt.inin, .de,^,te a»ou„t, of the protein for purification 
-ind the .v.il.bility of sin^lified purification procedure.. Expression of 
eec nw.y be accomplished by .ubclonin, the cDNA. into appropriate expression 
vectors and transfectin, the vectors into appropriate expression hosts As 
S described in Example viz. a preferred expression vector is one which provides 
for expression of a fusion protein comprising EEC and contains nucleic acid 
encoding 6 histidine residues followed by thioredoxin and an entero>.inase 
cleavage site. The histidine residues facilitate purification on IMIAC 
(.n^obUized metal ion affinity chromatography as described in Porath et al 
10 ,1992) Protein Expression and Purification 3:263-281, while the enterokinase 
cleavage site provides a means for purifying the chemolcine from the fusion 
protexn. The cloning vector previously used for the generation of the tissue 
library also provide for expression of the eec sequence in L caii 

Since CDNA clone inserts are generated by an essentially random 
15 process, there is one chance in three that the included cDNA will lie in the 
correct fr«.e for proper translation, if the cDNA is not in the proper 
reading frame, it can be obtained by deletion or insertion of the appropriate 
number of bases by well Rnown methods including in vitro mutagenesis 
digestion with exonuclease III or mung bean nuclease, or oligonucleotide 
20 linker inclusion. 

The eec cDNA can be shuttled into other vectors ta^own to be useful for 
expression of protein in specific hosts. Oligonucleotide amplimers 
containing cloning »ites as well as a segment of DNA sufficient to hybridize 
to stretches at both ends of the target cDNA ,25 bases, can be synthesized 
25 Chemically by standard methods. These primers can then used to amplify the 
desired gene segments by PCR. The resulting new gene segments can be 
digested with appropriate restriction enzymes under standard conditions and 
isolated by gel electrophoresis. Alternately, similar gene segments can be 
produced by digestion of the cDNA with appropriate restriction enzymes and 
30 filling in the missing gene segments with chemically synthesized 

oligonucleotides. Segments of the coding se<r.ence from more than one gene 
can be ligated together and cloned in appropriate vectors to optimize 
expression of recombinant sequence. 

suitable expression hosts for such chimeric ,«,lecules include but are 
35 not limited to mammalian cells such as Chinese Hamster Ovary ,CHO, and human 
293 cells, insect cells such as Sf9 cells, yeast cells such as Saccharomyces 
cerevisiae. and bacteria such as E. coli. For each of these cell systems, a 
useful expression vector may also include an origin of replication to allow 
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30 



35 



propagation in bacturia and a selectable marker such as the S-lactamase 
antibiotic resistance gene to allow selection in bacteria- In addition, the 
vectors may include a second selectable marker such as the neomycin 
phosphotransferase gene to allow selection in transfected eukaryotic host 
5 cells. Vectors for use in eukaryotic expression hosts may require RNA 

processing elements such as 3' polyadenylat ion secjuencea if such are not part 
of the cDNA of interest. 

Additionally, the vector may contain promoters or enhancers which 
increase gene expression. Such promoters are host specific and include MMTV. 
10 SV40. or roetallothionine promoters for CHO cells; trp, lac. tac or T7 
promoters for bacterial hosts, or alpha factor, alcohol oxidase or PGH 
promoters for yeast. Transcription enhancers, such as the rous sarcona virus 
(RSV) enhancer, may be used in mammalian host cells. Once homogeneous 
cultures of recombinant cells are obtained through standard culture Methods, 
large quantities of recombinantly produced EEC can be recovered from the 
conditioned medium and analyzed using chromatographic methods known in the 
art. 

Cells transformed with DNA encoding EEC may be cultured under 
conditions suitable for the expression of chemokines and recovery of the 
protein from the cell culture. EEC produced by a recombinant cell may be 
secreted or may be contained intracellularly . depending on the particular 
genetic con^trriction used. In general, it is more convenient to prepare 
recombinant proteins in secreted form. Purification steps vary with the 
production process and the particular protein produced. 

EEC may be expressed as a chimeric protein with one or more additional 
polypeptide domains added to facilitate protein purification. Such 
purification facilitating domains include, but are not limited to, metal 
chelating peptides such as histidine-tryptophan modules that allow 
purification on immobili2ed metals, protein A domains that allow purification 
on immobilized immunoglobulin, and the domain utilized in the FLAGS 
extension/affinity purification system (Immunex Corp.. Seattle WA) . The 
inclusion of a cleavable linker sequence such as Factor XA or 
enterokinasednvitrogen. San Diego CA> between the purification domain and 
the eec sequence may be useful to facilitate expression of EEC. 

In addition to recombinant production, fragments of EEC may be produced 
by direct peptide synthesis using solid-phase techniques (of Stewart et al 
(1969) solid-Phase Peptide Synthesis, WH Freeman Co, San Francisco CA- 
Merrifield J (1963) J Am Chem Soc 85:2149-2154. In vitro protein synthesis 
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may be perfortned using manual techniques or by automation. Automated 
synthesis may be achieved, for example, using Applied Biosystems 431A Peptide 
synthesizer (Poster City, California CA) in accordance with the instructions 
provided by the manufacturer. Various fragments of EEC may be chemically 
synthesized separately and combined using chemical methods to produce the 
full length molecule. 

ftX£ Antlhodl«« 

EEC for antibody induction does not require biological activity; 
however, the protein must be immunogenic. Peptides used to induce specific 
antibodies may have an amino acid sequence consisting of at least five amino 
acids, preferably at least 10 amino acids. They should mimic a portion of 
the amino acid sequence of the protein and may contain the entire amino acid 
sequence of a small naturally occurring molecule such as EEC. Short 
stretches of EEC amino acids may be fused with those of another protein such 
as keyhole limpet hemocyanin and the chimeric molecule used for antibody 
production. 

Antibodies specific for EEC may be produced by inoculation of an 
appropriate animal with the polypeptide or an antigenic fragment. An 
antibody is specific for EEC if it is produced against an epitope of the 
polypeptide and binds to at least part of the natural or recombinant protein. 
Antibody production includes not only the stimulation of an immune response 
by injection into animals, but also analogous steps in the production of 
synthetic antibodies or other specific-binding molecules such as the 
screening of recombinant immunoglobulin libraries (cf Orlandi R et al (1989) 
PNAS 86:3833-3837, or Huse WD et al (1989) Science 256:1275-1281) or the in 
vitro stimulation of lyit^hocyte populations. Current technology (Winter G 
and Milstein C (1991) Nature 349:293-299) provides for a number of highly 
specific binding reagents based on the principles of antibody formation. 
These techniques may be adapted to produce molecules specifically binding 
EECs. 

Various methods are )cnown to those of s)cill in the art for preparing 
monoclonal and polyclonal antibodies to EEC. In one approach, denatured EEC 
from the reverse phase HPLC separation is obtained and used to immunize mice 
or rabbits using techniques known to those of skill in the art. About 100 
micrograms are adequate for immunization of a mouse, while up to 1 mg might 
be used for immunization of a rabbit. For identifying mouse hybridomas, the 
denatured protein can be radioiodinated and used to screen potential murine 
B-cell hybridomas for those which produce antibody. This procedure requires 
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only wftall quantitioe of protein, such that 20 mg would be sufficient for 
labeling and acreaning of several thousand clones. 

In another approach, the amino acid sequence of EEC, as deduced from 
tranalation of the cDNA Be<iuence, is analyzed to determine regions of high 
inoitunogenicity. Oligopeptides comprising hydrophilic regions, as shown in 
Figure 3, are synthesized and uaed in suitable irronunizat ion protocols to 
raise antibodies. Analysis to select appropriate epitopes is described by 
Ausubel FM et al (1989. Current Protocols in Molecular Biology. John Wiley & 
Sons, NYC) . The optimal amino acid sequences for immunization are usually at 
the C-terminus, the N-terminus and those intervening, hydrophilic regions of 
the polypeptide which are likely to be exposed to the external environment 
when the protein is in its natural conformation. 

Typically, selected peptides, about 15 residues in length, are 
synthesized using an Applied Biosystems Peptide Synthesizer Model 431A using 
fmoc -chemistry and coupled to keyhole limpet hemocyanin (KLH, Sigma) by 
reaction with M-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS; cf. Ausubel 
FM ct al, supra). If necessary, a cysteine may be introduced at the - 
N-terminus of the peptide to permit coupling to KLH and animals can be 
immunized with the peptide-KLH complex in complete Freund's adjuvant. The 
resulting antisera can be tested for antipeptide activity by binding the 
peptide to plastic, blocking with 1% BSA, reacting with antisera, washing and 
reacting with labeled (radioactive or fluorescent), affinity purified, 
specific goat ant i -rabbit IgG. 

Hybridomas may also be prepared and screened using standard techniques. 
Hybridomas of interest can be detected by screening with labeled EEC to 
identify those fusions producing the monoclonal antibody with the desired 
specificity. In a typical protocol, wells of plates (FAST; Becton-Dickinson, 
Palo Alto, CA) are coated with affinity purified, specific rabbit -anti-mouse 
(or suitable anti-species Ig) antibodies at 10 mg/ml . The coated wells are 
blocked with 1% BSA, washed and exposed to supematants from hybridomas. 
After incubation, the wells are exposed to labeled EEC at 1 mg/ml. Clones 
producing antibodies will bind a quantity of labeled EEC which is detectable 
above background. Such clones can be expanded and subjected to 2 cycles of 
cloning at limiting dilution (1 cell/3 wells). Cloned hybridomas are 
injected into pristane-treated mice to produce ascites, and monoclonal 
antibody can be purified from mouse ascitic fluid by affinity chromatography 
using Protein A. Monoclonal antibodies with affinities of at least 10^ M"', 
preferably 10« to lO^** or stronger, will typically be made by standard 
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procdur.. d..crib«, in h„1ow and U.n, a988, A„tibodi„: A L.bor..orv 
M.x.u.1. cold Sprin, H.rbor L.bo„torv New ror.,- .„<j i„ codin, ,1,86. 
Honoclon.1 Antibodi.s: Principl.. .nd Practice. Academic Pres.. New Vor. 
City, both incorporated herein by reference. 

' g«" m i filtat l fl.. . nn ,>ri,i r ir 

An additional en4«di,.ent of the subject invention is the use of EEC 
specific antibodies, inhibitors, receptors or their analogs as bioactive 
agents to treat eosinophilia. infla™«tion or disease involving an altered 
nu»ber of eosinophils including, but not l.^ited to viral, bacterial, fungal 
10 or parasitic infections: „«chanical injury associated with trau^,. Heredilary 
diseases such as allergies and asthma; infiltrative diseases such as 
leuke^ias and lyn„homas; or other physiologic and pathologic problems 
associated with changes in the numbers of eosinophils 

Knowledge of the correct, complete cas. se<^ence of the novel expressed 
15 chemokine »e„e win enable its use in antise.nse technology in the 

investigation of gene function. Oligonucleotides, genomic or cO.. fragments 

to inhibit expression of the protein. such technology is now well .^o^^ 
the art. and probes can be designed at various locations along the nucleotide 
.0 .e<^e„ce. By treatment of cells or whole test animals with such antisense 
.e.^e„ces the gene of interest can effectively be turned off. Pre^^ently 
the function of the gene can be ascertained by observing behavior .rthe 

TllTon ch""' " '^^'^ °' -i^^erentiated 

function, changes in morphology, etc.). 

" Of the'o" °'''''r ^'"""^ constructed to interrupt transcription 

Of the open reading frame, modifications of gene expression can be obtained 
by designing antisense sequences to intron regions, promoter /enhancer 
elements, or even to trans-acting regulatory genes. similarly, inhibition 

30 T ^ T!""^ '"^"'""^ '^-pairing ,«thodology. also .cnown as 

30 -triple helix- base pairing. 

Antibodies, inhibitors, receptors or antagonists of EEC ,or other 
treatments for excessive chemo.ine production, hereinafter abbreviated TEC, 
can provide different effects when administered therapeutically. teCs will' 
be formulated in a nontoxic, inert, pharmaceutically acceptable a<^eous 
3. carrier medium preferably at a p„ of about S to 8. more preferably 6 to 8 
although the p„ may vary according to the characteristics of the antibody' 
inhibitor, receptor or antagonist being for^lated and the condition to be 
treated. Characteristics of TEC include solubility of the molecule 
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half-life and antiflenici ty/immuno-genici ty ; chese and other characteristics 
may aid in defining an effective carrier. Native human proteins are 
preferred as TECs, but organic or synthetic molecules resulting from drug 
acreens may be e<iually effective in particular situations. 
5 TECS may be delivered by Jcnown routes of administration including but 

not limited to topical creams and gels; transmucosal spray and aerosol, 
transdermal patch and bandage; injectable, intravenous and lavage 
formulations; and orally administered liquids and pills, particularly 
formulated to resist stomach acid and enzymes. The particular formulation, 
10 exact dosage, and route of administration will be determined by the attending 
physician and will vary according to each specific situation. 

Such determinations are made by considering multiple variables s jch as 
the condition to be treated, the TEC to be administered, and the 
pharmacokinetic profile of the particular TEC. Additional factors wh.ch may 
15 be taken into account include disease state (e.g. severity) of the patient. 

age, weight, gender, diet, time of administration, drug combination, reaction 
sensitivities, and tolerance/response to therapy. Long acting TEC 
formulations might be administered every 3 to 4 days, every week, or once 
every two weeks depending on half-life and clearance rate of the particular 



20 TEC. 



Normal dosage amounts may vary from 0 . 1 to 100.000 microgra.T5s . up to a 
total dose of about 1 g, depending upon the route of administration. 
Guidance as to particular dosages and methods of delivery is provided ip. the 
literature; see US Patent No. 4,657,760; 5,206.344; or 5.225,212. It is 
5 anticipated that different formulations will be effective for different TEC: 
and that administration targeting the eosinophil ir^y necessitate delivery ,r. 
a manner different from that to another organ or tissue. 

It is contemplated that conditions or diseases of the eosinophil whic 
activate monocytes, macrophages, basophils, eosinophils or other leukocyte.. 
) may precipitate damage that is treatable with TECs . Eosinophilia may b* 

specifically diagnosed by the tests discussed above, and such testing snould 
be performed in suspected cases of viral, bacterial, fungal or parasitic 
infections as recited herein; mechanical injuries associated with trauma; 
hereditary diseases such as allergies, asthma, and rheumatoid arthritis; 
cancers such as the recited carcinomas, leukemias, and lymphomas; or other 
physiologic or pathologic problems associated with changes in the numbers of 
eosinophils . 

All publications and patents mentioned in the above specification are 
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herein incorporated by reference. The foregoing written specification is 
considered to b« aufficient to enable one skilled in the art to practice the 
invention. Indeed, various modifications of the above described modes for 
carrying out the invention which are readily apparent to those skilled in the 
5 field of molecular biology or related fields are intended to be within the 
scope of the following claims. 

The examples below are provided to illustrate the subject invention. 
These examples are provided by way of illustration and are not included for 
the purpose of limiting the invention. 
10 IBDUSTRIAL XPPX,XCABZLZTY 

X Zaolatlon of bKHA and Conatruction of cDMA Libraries 

The eec sequence was identified among the secrjences of a human 
eosinophil library. The eosinophils used for this library were obtained via 
aphoresis of a 56 year old Caucasian male patient at Mayo Clinic (Rochester 
15 MN) who had been diagnosed with Hypereosinophil ic Syndrome. The cells were 
washed twice in phosphate buffered saline and lysed immediately in a buffer 
containing guanidinium isothiocyanate . The lysate was centrifuged over a 
CsCl cushion, ethanol precipitated, resuspended in water and DNase treated 
for 15 min at 37»C. The RNA was extracted with phenol chloroform and 
20 precipitated with ethanol. Polyadenylated messages were isolated using 
Qiagen Oligotex (QIAGEN Inc, Chatsworth CA) , and the cDNA library was 
constructed by Stratagene (11011 North Torrey Pines Road. La Jolla CA 92037), 

First strand cDNA synthesis was accomplished using an oligo d(T) 
primer/linker which also contained an Xhol restriction site. Second strand 
25 synthesis was performed using a combination of DNA polymerase I, E, coli 

ligase and RNase H, followed by the addition of an EcoRI adaptor to the blunt 
ended cI»iA. The EcoRI adapted, double-stranded cDNA was then digested with 
Xhol restriction enzyme, extracted with phenol chloroform, and fractionated 
by size on Sephacryl S400. DNA of the appropriate sire was then ligated to 
30 dephosphorylated Lambda Zap* arms tStratagene) and packaged using Gigapack 
extracts (Stratagene). pBluescript (Stratagene) phagemid DNAs were excised 
en masse from the eosinophil library and individual plasmid DNAs were made 
using Miniprep Kits supplied by Advanced Genetic Technologies Corporation 
(Gaithersburg MD) . 

35 These kits provide a 96-well format and enough reagents for 960 

purifications. The recommended protocol supplied with each kit has been 
esaployed except for the following changes. First, the 9 6 wells are each 
filled with only 1 ml of sterile terrific broth with carbenicillin at 25 mg/L 
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and glycerol at 0.4%. After the wells are inoculated, the bacteria are 
cultured for 24 hours and lysed with 60 nl of lyoie buffer. A centr i f ugation 
•tep (2900 rpm for 5 minutes) is performed before the contents of the block 
arc added to the primary filter plate. The optional step of adding 
iaopropanol to TRIS buffer is not routinely performed. After the last step in 
the protocol, samples are transferred to a Bec)cman 96 -well block for storage. 

The (juality of the cDNA library was determined by performing a pilot 
scale analysis of 192 cDNAs and checking for percentages of clones containing 
vector alone, mitochondrial or repetitive DNA sequences and clones 
originating from lambda or E. coli DNA. The numbers of exact /homologous 
matches to public databases, as well as the number of unicjue sequences, i.e., 
those having no known match in any available database, were also recorded. 
XX Xaolatlon oC cDMA Clones 

The phagemid forms of individual cDfiA clones were obtained by the in 
vivo excision process, in which XLl-BLUE was coinfected with an fl helper 
phage. Proteins derived from both lambda phage-and fl helper phage initiated 
new DNA synthesis from defined sequences on the lambda target DNA and create 
a «raaller. single-stranded circular phagemid DNA molecule that includes all 
DNA sequences of the pBluescript plasmid and the cDNA insert. The phagemid 
DtiA was released from the cells and purified, then used to re-infect fresh 
bacterial host cells (SOLR, Stratagene Inc ) . where the double- stranded 
phagemid DNA was produced. Because the phagemid carries the gene for 
fi-lactamase, the newly transformed bacteria were selected on medium 
containing an^icillin. 

Phagemid DNA was purified using the QIAWELL-S Plasmid Purification 
System from QIAGEN* DNA Purification System. This technique provides a rapid 
and reliable high -throughput method for lysing the bacterial cells and 
isolating highly purified phagemid DNA. The DNA eluted from the purification 
resin was suitable for DNA sequencing and other analytical manipulations. 

The cDNA inserts from random isolates of the human eosinophilic 
library were sequenced in part. The cDNAs were sequenced by the method of 
Sanger F. and AR Coulson (1975; J. Mol . Biol . 94 : 441f ) , using a Hamilton Micro 
Lab 2200 (Hamilton, Reno NV) in combination with four Peltier Thermal Cyclers 
(PTC200 from MJ Research, Watertown MA) and Applied Biosystems 377 or 373 DNA 
Sequencing Systems (Perkin Elmer) and reading frame determined. 
XXX BoaolOffy Searching of cMA Clones and Deduced Proteins 

Each sequence so obtained was compared to sequences in GenBank using a 
search algorithm developed by Applied Biosystems Inc. and incorporated into 
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th« INHERIT"* 670 Sequence Analysis System. In this algorithn,. Pattern 
Specification Language (developed by TRW Inc.) was used to determine regions 
of homology. The three parameters that determine how the sequence 
comparisons run were window size, window offset, and error tolerance. Using 
5 a combination of these three parameters, the DNA database was searched for 
sequences containing regions of homology to the query sequence, and the 
appropriate sequences were scored with an initial value. Subsequently, these 
homologous regions were examined using dot matrix homology plots to 
distinguish regions of homology from chance matches. Smith -Waterman 
10 alignments were used to display the results of the homology search. 

Peptide and protein sequence homologies were ascertained using the 
INHERIT 670 Sequence Analysis System in a way similar to that used in DNA 
sequence homologies. Pattern Specification Language and parameter windows 
were used to search protein databases for sequences containing regions of 
15 homology which were scored with an initial value. Dot-matrix homology plots 
were examined co distinguish regions of significant homology from chance 
matches . 

BLAST, which stands for Basic Local Alignment Search Tool (Altschul SF 
(1993) J Mol Evol 36:290-300; Altschul. SF et al (1990) J Mol Biol 
20 215:403-10). was used to search for local sequence alignments . BLAST 

produces alignments of both nucleotide and amino acid sequences to determine 
sequence similarity. Because of the local nature of the alignments, BLAST is 
especially useful in determining exact matches or in identifying homologs. 
BLAST is useful for matches which do not contain gaps. The fundamental unit 
25 of BLAST algorithm output is the High-scoring Segment Pair (HSP) . 

An HSP consists of two sequence fragments of arbitrary but equal 
lengths whose alignment is locally maximal and for which the alignment score 
meets or exceeds a threshold or cutoff score set by the user. The BLAST 
approach is to look for HSPs between a query sequence and a database 
30 sequence, to evaluate the statistical significance of any matches found, and 
to report only those matches i*fhich satisfy the user-selected threshold of 
significance. The parameter E establishes the statistically significant 
threshold for reporting database sequence matches. E is interpreted as the 
upper bound of the expected frequency of chance occurrence of an HSP {or set 
35 of HSPs) within the context of the entire database search. Any database 
sequence whose match satisfies E is reported in the program output. 

The nucleotide and amino acid sequences for the entire coding region of 
the the eosinophil expressed chemoJcine, EEC, are shown in Figure 1. 
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XV Identification and Full L.ngth Oaquanclng of th« o«n»a 

Prom all of the randomly picked and sequenced clones of the human 
eosinophil library, the eec sequence was homologous to but clearly different 
from any known C-C chemokine molecule. The complete nucleotide sequence for 
5 eec was translated, and the in-frame translation is shown in Figure 1. When 
all three possible predicted translations of the sequence were searched 
ayainst protein databases such as SwissProt and PIR. no exact matches were 
found to the possible translations of eec. Figure 2 shows the comparison of 
the EEC amino acid sequence with those of other C-C chemokine molecules. The 
10 substantial regions of homology among these molecules which includes the 

definitive C-C motif are shaded. Hydrophobic i ty plots for EEC are shown as 
Figure 3. The phylogenetic analysis (Figure 4) shows how closely eec is 
related to other well characterized human C-C chemokines. The most r.:lated 
of these molecules cluster together at the right hand side of the figjre. 
15 V Antlsense analysis 

The EEC sequence, or any part thereof, is used to inhibit in yj^ or in 
JLUta expression of endogenous EEC. Although use of antisense 
oligonucleotides, consisting of about 20 base-pairs, is specifically 
described, essentially the same procedure is used with larger cDNA fragments. 
20 An oligonucleotide based on the coding sequence of EEC is used to inhibit 
expression of endogenous EEC. Using Oligo 4.0, the complementary 
oligonucleotide is designed from the conserved 5' sequence and used to 
inhibit either transcription, by preventing promoter binding to the upstream 
nontranslated sequence, or translation of an EEC transcript by preventing the 
25 ribosome from binding to the mRNA. 
VZ Zxpreaalon of uc 

The nucleotide sequences encoding EEC were cloned into an expression 
vector that comprises a T7 promoter followed by an initiating methionine 
codon (ATG), followed by six histidine codons, followed by the TrxA gene of 
30 E.coli (which encodes thioredoxin) , followed by a sequence coding for an 

enterokinase cleavage site and nucleotide sequences encoding EEC. Empirical 
studies associated with cleavage of signal sequences indicate that cleavage 
occurs at or near the C-terminal end of a predicted hydrophobic region 
located at the N-terminus of the full length protein. The hydrophobicity 
35 profile of EEC is shown in Figure 3 and based on this profile, residue 21 of 
SEQ ID NO:2 (Alanine), appears to be the N-terrainal amino acid residue for 
expression of mature EEC. The presence of a N- terminal residue 50 amino acid 
residues from the characteristic C-C residues of a C-C chemokine may reflecc 
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an N-C«rmin«l «xten*ion to EEC th«t imparts novel activity. 

Th. •xpra.aion vctor. described abova containing the 6 histidine 
codon. were u.ed to tr«,.for„. a hoet cell. th. ho.t cell culture was induced 
with IPTG and the «cpr....d protein was subjected to denaturing SDS poly 
5 -crylamid, gel electrophoresis. Nucleic acid from the expression vector w.s 
partially purified using the miniprep procedure of Sainbrook aiifiM which 
produced super-coiled DNA. About 100 n, of DNA were used to transform the 
host bacterial cell. W3110/DE3. W3110/DE3 was constructed using W3110 from 
the ATCC and th. l«.bda DE3 ly.og.niz.tion )cit commercially available from 
10 Novagen. DE3 lysogens are often less con^tent than their parent. W3110 and 
are adapt«l to use super-coiled DNA for efficient transformstion A single 
transfor~nt from each che»okine transformation was selected and used co 
inoculate a 5 ml culture of L-broth containing a^picillin. Each 5 ml culture 
was grown oversight (12-15 hours, at 37 degrees C. with shaking. The next 
15 day, 1 ml of the overT,ight culture was used to inoculate a 100 ml culture C 
L-broth with a»,.icillin in a SOO ml flasK and allowed to grow at 37 degree." 
C. with shaking until the OD600 of the culture reached 0.4-0 € if 
inoculated cells are allowed to grow past an OO600 of 0.6, they will beg.n .o 
reach stationary phase and induction levels will be reduced. 
!0 At the time of inoculation, a S ml sample was removed, placed on xce 

and used as a pr.-induction (or 0 hour) sample. When the cell culture 
reached an OD600 of 0.6. 400^1 of an 100n« iptc stoci. solution was added for 
a final concentration of 0.4»M. The cultures were allowed to grow for 3 
hours at 37 degrees C. with shaking. Analysis of induction was determined 
5 san^Ung 5 ml aliquots of the culture at 1 hour intervals up to 6 hours .r = 
analysing on a denaturing SDS poly acrylamide gel electrophoresis. The 
fusion protein appeared to accumulate in the insoluble fraction of the c.-'. 

Maximal induction of EEC occurred by 2 hours. Growth beyond 4 hour, 
resulted in lysis i„ the culture and overall reduced yields of the desir.o 
0 protein due to proteolysis. Five ml ali„uots of the cell cultures were 

obtained at 0. I and 2 hours and centrifuged for 5 minutes at 3000 rp« « 
degrees c. The supernatant was aspirated and the pellets were subjected •- . 
freere-thaw step to help lyse the cells. The pellet was resuspended in 'Z 
tlOmM Tris-HCL pH 8 . 0. ImM EDTA pH 8 . 0] at 4 degrees C. at a volume 
calculated as: vol TE(ul, = (OD600, (250, , and an e<^ivalent volume of 2X S33 
sample Loading Buffer (Novex, was added to each sample. The san^les were 
boiled for 5 minutes and IOmI of each sample was loaded per lane. 

The e:q«cted molecular weight of the fusion protein comprising H6-Trx- 
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EEC ie 19,233 E>alton«. Analy.i. of the expr<«««d EEC on a 14% SDS- 
polyacrylamide gel shows an apparent molecular weight of about 20)cDa. A 
••cond fusion protein lacking the six hietidine residues was constructed and 
expressed and has an expected molecular weight of 18.410 Daitons. The EEC 
5 protein appears predominantly in the insoluble fraction of the cell lysates. 

EEC is expressed as a chimeric protein having six histidines followed 
by thioredoxin {TrxA of E.coli) with an enterokinase cleavage site between 
the TrxA protein and EEC. The histidines are added to facilitate protein 
10 purification. The presence of the histidines allows for purification on 
IMIAC Chromatography (Porath supra ) . 

VIII Diagnostic Test Using KXC Specific Antibodies 

Particular EEC antibodies are useful for the diagnosis of prepatholcgic 
conditions, and chronic or acute diseases which are characterized by 
15 differences in the amount or distribution of EEC. EEC was initially found in 
the human eosinophil library and is diagnostic for abnormalities or 
pathologies associated with leukocyte trafficking and eosinophils. 

Diagnostic tests for EEC use the antibody and a label to detect EEC in 
hunw^n body fluids, tissues or extracts of such tissues. The polypeptides and 
20 antibodies of the present invention are used with or without modification. 
The polypeptides and antibodies are labeled by joining them, either 
covalently or noncovalently. with a substance which provides for a detectable 
signal. A wide variety of labels and conjugation techniques are known and 
have been reported extensively in both the scientific and patent literature. 
25 Suitable labels include radionuclides, enzymes, substrates, cofactors, 

inhibitors, fluorescent agents, chemi luminescent agents, magnetic particles 
and the like. Patents teaching the use of such labels include US Patent Nos 
3,817.837; 3,850,752; 3,939,350; 3,996.345; 4.277,437; 4,275.149; and 
4,366,241. Also, recombinant immunoglobulins may be produced as shown in US 
\0 Patent No. 4.816,567. incorporated herein by reference. 

A variety of protocols for measuring soluble or membrane -bound EEC, 
using either polyclonal or monoclonal antibodies specific for the respective 
protein are known in the art. Examples include enzyme- 1 inked immunosorbent 
assay (ELISA) , radioimmunoassay (RIA) and fluorescent activated cell sorting 
5 (FACSJ. A two-site monoclonal -based immunoassay utilizing monoclonal 

antibodies reactive to two non- interfering epitopes on EEC is preferred, but 
a competitive binding assay may be eir5,loyed. These assays are described, 
among other places, in Maddox, DE et al (1983. J Exp Med 158:1211). 
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IX Purification of M«tlT« xsc Daing ep«ci£lc Xntibodi*. 

Native or racambinant EEC i. purified by innunoaf fini ty chromatography 
using antibodies specific for EEC. An inwunoaf f inity column is constructed 
by covalently coupling the ant i -EEC antibody to an activated chromatographic 
S resin. 

Polyclonal innminoglobulins are prepared from immune sera either by 
precipitation with ammonium sulfate or by purification on immobilized Procein 
A (Pharmacia LKB Biotechnology, Piscataway, NJ). Monoclonal antibodies are 
prepared from mouse ascites fluid by ammonium sulfate precipitation or 
10 chromatography on immobilized Protein A. Partially purified iinnunoglobul in 
is covalently attached to a chromatographic resin such as CnBr-act ivated 
Sepharose {Pharmacia LKB Biotechnology). The antibody is coupled to the 
resin, the resin is blocked, and the derivative resin is washed according to 
the manufacturer's instructions. 
15 Such immunoaffinity columns are utilized in the purification of EEC by 

preparing a fraction from cells containing EEC in a soluble fonr.. This 
preparation is derived by solubilization of the whole cell or of a 
•ubcellular fraction obtained via differential centri f ugation by the addition 
of detergent or by other methods well known in the art. Alternatively. 
20 soluble EEC containing a signal sequence may be secreted in useful quantity 
into the medium in which the cells are grown. 

A soluble EEC-containing preparation is passed over the immunoaffinity 
column, and the column is washed under conditions that allow the preferential 
absorbance of chemokines (eg, high ionic strength buffers in the presence of 
25 detergent). The column is eluted under conditions that disrupt 

antibody/chemokine binding (e.g., a buffer of pH 2-3 or a high concentration 
of a chaotrope such as urea or thiocyanate ion), and EEC is collected. 
X XKC Xaducad Chanotftxis or Call Activation 

The chemotactic activity of EEC is measured in 48-well microchemotaxis 
30 chambers (Falk WR et al (1980) J Immunol Methods 33:239). In each well, two 
compartments are separated by a filter that allows the passage of cells in 
response to a chemical gradient. Cell culture medium such as RPKI 1640 
(Sigma, St. Louis MO) containing the expressed chemokine is placed on one 
side of a filter, usually polycarbonate, and cells suspended in the same 
55 media are placed on the opposite side of the filter. Sufficient incubation 
time is allowed for the cells to traverse the filter in response to the 
concentration gradient across the filter. Filters are recovered from each 
well, and cells adhering to the side of the filter facing the chemokine are 
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10 



typed and quantified. 

The .pecificity of the chemoat tract ion is determined by perfonning the 
chemotaxiB assay on specific populations of cells. First, blood cells 
obtained from venipuncture are fractionated by density gradient 
centrifugation and the cheinotactic activity of EEC is tested on enriched 
populations of neutrophils, peripheral blood mononuclear cells, monocytes and 
lymphocytes. Optionally, such enriched cell populations are further 
fractionated using CDS* and CD4* specific antibodies for negative selection 
of and CD8+ enriched T-cell populations, respectively. 

Another assay elucidates the chemotactic effect of EEC on activated 
T-cells. Unfractionated T-cells or fractionated T-cell subsets are cultured 
for 6 to 8 hours in tissue culture vessels coated with CD-3 antibody. After 
this CD-3 activation, the chemotactic activity of EEC is tested as dercribed 
above. Many other methods for obtaining enriched cell populations ar3 known 
15 in the art. 

Some chemokines also produce a non-chemotactic cell activation of 
neutrophils and monocytes. This is tested via standard measures of 
neutrophil activation such as actin polyir.erization, increase in respiratory 
burst activity, degranulation of the azurophilic granule and mobilization of 
Ca** as part of the signal transduction pathway. The assay for mobilizatic 
of Ca" involves preloading neutrophils with a fluorescent probe whose 
emission characteristics have been altered by Ca** binding. when the cells 
are exposed to an activating stimulus, Ca" flux is determined by observatic,, 
of the cells in a fluorometer. The measurement of Ca'* mobilization has been 
described in Grynkievicz G et al (1985) J Biol Chem 260:3440, and McColl S et 
al (1993) J Immunol 150:4550-4555, incorporated herein by reference. 

Degranulation and respiratory burst responses are also measured in 
monocytes (Zachariae COC et al . (1990) J Exp Med 171: 2177-82). Further 
measures of monocyte activation are regulation of adhesion molecule 
expression and cytokine production (Jiang Y et al fl992) J Immunol 148: 
2423-8). Expression of adhesion molecules also varies with lymphocyte 
activation (Taub D et al (1993) Science 260: 355-358). 
XI Drug Screening 

EEC, or biologically active fragments thereof, are used for screening 
compounds in any of a variety of drug screening techniques. The cheir.okine 
polypeptide or fragment employed in such a test may either be free in 
solution, affixed to a solid support, borne on a cell surface or located 
intracellularly. One method of drug screening utilizes eukaryotic or 
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prokaryotic host cells which are stably transformed with recombinant nucleic 
acids expressing the polypeptide or fragment. Drugs are screened against 
such transformed cells in competitive binding assays. Such cells, either in 
viable or fixed form, can be used for standard binding assays. One may 
measure, for example, the formation of complexes between EEC and the agent 
being tested. Alternatively, one can examine the diminution in complex 
formation between EEC and its target cell, monocyte, etc. caused by the agent 
being tested. 

Thus, the present invention provides methods of screening for drugs or 
any other agents which can affect inflammation and disease. These methods 
comprise contacting such an agent with a EEC polypeptide or fragment thereof 
and assaying (i) for the presence of a complex between the agent and the EEC 
polypeptide or fragment, or (ii) for the presence of a complex between the 
EEC polypeptide or fragment and the cell, by methods well known in the art. 
Typically in such competitive binding assays, the chemokine polypeptide or 
fragment is labeled. After suitable incubation, free EEC polypeptide or 
fragment is separated from that present in bound form, and the amount of free 
or uncomplexed label is a measure of the ability of the particular agent to 
bind to EEC or to interfere with the EEC and agent complex. Another 
embodiment of the present invention relates to a method of screening a 
plurality of confounds for specific binding affinity with the polypeptide of 
Claim e or any portion thereof, comprising the steps of: a) providing a 
plurality of compounds; b) combining Eosinophil Spleen Expressed Chemokine 
(EEC) with each of a plurality of compounds for a time sufficient to allow 
binding under suitable conditions; and c) detecting binding of EEC to each of 
the plurality of compounds, thereby identifying the compounds which 
specifically bind EEC. 

Another technique for drug screening provides high throughput screening 
for compounds having suitable binding affinity to the EEC polypeptide and is 
described in detail in European Patent Application 84/03564. published on 
September 13, 1984, incorporated herein by reference. Briefly stated, large 
numbers of different small peptide test compounds are synthesized on a solid 
stibstrate, such as plastic pins or some other surface. The peptide test 
compounds are reacted with EEC polypeptide and washed. Bound EEC polypeptide 
is then detected by methods well known in the art. Purified EEC can also be 
coated directly onto plates for use in the aforementioned drug screening 
techniques. In addition, non-neutralizing antibodies can be used to capture 
the peptide and immobilize it on the solid support. 
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This invention also contemplates the use of competitive drug screening 
assays in which neutralizing antibodies capable of binding EEC specifically 
compete with a test compound for binding to chemokiiie polypeptides or 
fragraents thereof. In this .-winner, the antibodies can be used to detect the 
5 presence of any peptide which shares one or more antigenic deterininants with 
EEC, 

XZZ Rational Drug Design 

The goal of rational drug design is to produce structural analogs of 
biologically active polypeptides of interest or of small molecules with which 
10 they interact, e.g., agonists, antagonists, or inhibitors. Any of these 

examples can be used to fashion drugs which are more active or stable forms 
of the polypeptide or which enhance or interfere with the function of a 
polypeptide in vivo (cf Hodgson J (1991) Bio /Techno logy 9:19-21. incorporated 
herein by reference) . 

15 In one approach, the three-dimensional structure of a protein of 

interest, or of a protein-inhibitor complex, is determined by x-ray 
crystallography, by computer modeling or. most typically, by a combination o! 
the two approaches. Both the shape and charges of the polypeptide must be 
ascertained to elucidate the structure and to determine active site(s) c! the 
20 molecule. Less often, useful information regarding the structure of a 

polypeptide may be gained by modeling based on che structure of homologous- 
proteins. In both cases, relevant structural information is used to desigr. 
analogous chemoJcine-liJce molecules or to identify efficient inhibitors, 
useful examples of rational drug design include molecules which have improve'. 
25 activity or stability as shown by Braxton S and Wells JA (1992 Biochemisiry 
31:7796- 7801) or which act as inhibitors, agonists, or antagonists of r.aiiv. 
peptides as shown by Athauda SB et al (1993 J Biochem 113:742-746), 
incorporated herein by reference. 

It is also possible to isolate a target-specific antibody, selected 
30 functional assay, as described above, and then to solve its crystal 

structure. This approach, in principle, yields a pharmacore upon which 
subsequent drug design can be based. It is possible to bypass protein 
crystallography altogether by generating ant i - idiotypic antibodies (anti-:dr 
to a functional, pharmacologically active antibody. As a mirror image of a 
35 mirror image, the binding site of the anti-ids would be expected to be ar. 
analog of the original receptor. In the present invention, an EEC anti-id 
antibody is used to identify and isolate peptides from ban)cs of chemically or 
biologically produced peptides. The isolated peptides would then act as the 
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phormacore . 

By vircu. Of the present invention, sufficient .^unt of polypeptide 
m-y be -veileble to perfom, .uch analyticel .tudie. „ X-„y 

cryat.Uo,r.phy. i„ .Edition, .^owiedge of the EEC a.ino -=id se<^ence 
5 provided herein wiU provide ^id.nce to those e^ployin, con^uter „»deUn, 
t.chnx.^es ^n piece of or in addition to x-r.y crystal lo,r.phy. 
XIII Identifleetlon of nc Receptors 

Purified EEC -re useful for chsrscteri.etion end purification of 
specific cell surface receptors and other binding „K,lecules. Cells which 
10 respond to EEC by ch.«t«i, or other specific responses are li.ely to 

express a receptor for EEC. Radioactive labels are incorporated into EEC b 
var.ou. »ethod. in the art. X preferred e»bod.„.nt is the labeling o 

primary a»i„o groups in EEC with Bolton-Hunter reagent (Bolton ;^ and 

Hunter, WM (1973) BiochemJ 133- 5291 whi.h v„ 'Bolton, AE and 

*>« bee" to label other 

15 che^.xnes without concomitant loss of biological activity (Hebert CA et al 

150 = <.550-«55,. Receptor-bearin, cells are incubated with the labeled 
che„.o.x„e „K,lecul.. The cells are then washed to removed unbound che.o.ine 

20 "ffe'rZ""'"""' '""'^ '^'"'"'^ " data obtained using' 

different concentration, of EEC are used tc calculate values for the nu^ 
and affinity of receptors. 

I-beled EEC is also useful as a reagent for purification of its 

r:i!iren':i""'\ T ^'""^"^ -"^-^^^ P-^i^ication. the che^o.in 

.s covalently coupled to . chron>atography colu:„n. Receptor-bearing cells ar 

Che colu«„ by vxrtue of its biological affinity for EEC. The receptor is 
recovered frcn. the colu„« ^d subjected to N-ternunal protein se^encing 
Thxs an.no acid se<.ence is then used to des.gn degenerate oligonucleotL 
probes for cloning the receptor gene. 
30 in an alternate n»thod. is obtained from receptor-bearing cells 

TZtl '"I '^'"^ transfected into a population 

of cells, and those cells expressing the receptor are selected using 
fluorescently labeled EEC. The EEC specific receptor is identified by 
recovering and se<^encing recombinant DNA from highly labeled cells 
35 in another alter^te method, antibodies are raised against the surface 

of receptor- bearing cells, specifically monoclonal antibodies The 
monoclonal antibodies are screened to identify those which inhibit the 
b.nd.ng of label«l EEC. These „„noclon.l antibodies are then used in 
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affinity purification or expression cloning of the receptor. 

Soluble receptors or other soluble binding molecules are identified in 
a similar manner. Labeled EEC is incubated with extracts or other 
appropriate materials derived from the eosinophil. After incubation. EEC 
complexes (which are larger than the size of purified the purified chemoJcine 
molecule) are identified by a sizing technique such as size exclusion 
chromatography or density gradient centr i f ugation and are purified by methods 
Jcnown in the art. The soluble receptors or binding protein(s) are subjected 
to N-terroinal seqruencing to obtain information sufficient for database 
identification, if the soluble protein is Jcnown, or for cloning, if the 
soluble protein is unknown. 

All publications and patents mentioned in the above specification are 
herein incorporated by reference. The foregoing written specification is 
considered to be sufficient to enable one skilled in the art to practice the 
invention. Indeed, various modifications of the above described modes for 
carrying out the invention which are obvious to those skilled in the field of 
molecular biology or related fields are intended to be within the scope of 
the following claims. 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: INCYTE PHARMACEUTICALS. INC. 
(ii) TITLE OF INVQTTION: NEW CHEHOKINE EXPRESSED IN EOSINOPHILS 
(iii) NUMBER OF SEQUENCES: 9 

(iv) CORRESPONDENCE ADDRESS- 

lul ^'^^^^ PHARMACEUTICALS. INC. 

(B) STREET: 3174 Porter Drive 

(C) CITY: Palo Alto 
(O) STATE: CA 

(E) COUNTRY: USA 

(F) 2IP: 94304 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentin Release fl.O. Version iLBO 

Ivi) CURRENT APPLICATION DATA: 

(A) PCT APPLICATION NUMBER: To Be Assioned 

(B) FILING DATE: 12-APR-1996 ^"^^^d 

(C) CLASSIFICATION: 

(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION SERIAL NO: US 08/421 144 

(B) FILING DATE: 13-APR-1995 "^''^-^^'^^^ 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME: Luther, Barbara J 

(B) REGISTRATION NUMBER: 33954 

(C) REFERENCE /DOCKET NUMBER: PF-0031 PCT 

(ix) TELECOMMUNICATION INFORMATION- 

(A) TELEPHONE: 415-855-0555 

(B) TELEFAX: 415-852-0195 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 411 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cr»lA 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: EOSINOPHILS 
fB) CLONE: 288236 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : 

ATGAAGGTCT CCGTGGCTGC CCTCTCCTGC CT^TGC.^ ITACTX^CCCT O^ATCCCAG 
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GCCCGGGTCA CAAAACATGC AGAGACAGAG TTCATGATGT CAAAGCTTCC ATTGGAAAAT 120 

CCAGTACTTC TGGACATGCT CTGGAGGAGA AAGATTGGTC CTCAGATGAC CCTTTCTCAT 180 

OCTCCAGGAT TCCATGCTAC TAGTGCTGAC TGCTGCATCT CCTACACCCC ACGAAGCATC 2 40 

CCGTGTTCAC TCCTGGAGAG TTACTTTGAA ACGAACAGCG AGTGCTCCAA GCCGGGTGTC 300 

ATCTTCCTCA CCAAGAAGGG GCGACGTTTC TGTGCCAACC CCAGTGATAA GCAAGTTCAG 360 
GTTTGCATGA GAATGCTGAA GCTGGACACA CGGATCAAGA CCAGGAAGAA T 



(2) INFORMATION FOR SEQ ID NO : 2 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 137 amino acids 

(B) TYPE: eunino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(vii) IMMEDIATE SOURCE: 

(A) LIBRARY: Eosinophils 

(B) CLONE: 28 82 3 6 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Lys Val Scr Val Ala Ala Leu Ser Cys Leu Met Leu Val Thr Ala 
15 10 15 

Leu Gly Ser Gin Ala Arg Val Thr Lys Asp Ala Glu Thr Glu Phe Met 
20 25 30 

Met Ser Lys Leu Pro Leu Glu Asn Pro Val Leu Leu Asp Met Leu Trp 
^5 40 45 

Arg Arg Lys He Gly Pro Gin Met Thr Leu Ser His Ala Ala Gly Phe 
^0 55 60 

His Ala Thr Ser Ala Asp Cys Cys lie Ser Tyr Thr Pro Arg Ser He 
" '^^ 75 BO 

Pro Cys ser Leu Leu Glu Ser Tyr Phe Glu Thr Asn Ser Glu Cys Ser 
85 90 95 

Lys Pro Gly Val He Phe Leu Thr Lys Lys Gly Arg Arg Phe Cys Ala 

105 110 

Asn Pro Ser Asp Lys Gin Val Gin Val Cys Met Arg Met Leu Lys Leu 
J-l' 120 125 

Asp Thr Arg He Lys Thr Arg Lys Asn 
130 135 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 92 amino acids 



411 
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IB) TYPE: amino acid 

(C) STRANDEDNESS : sinole 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Met Gin Val Ser Thr Ala Ala Leu Ala Val Leu Leu Cys Thr Met Al. 
Leu cys Asn Gin Phe Ser Ala Ser Leu Ala Ala Asp Thr Pro Thr Ala 
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cys cys Phe Ser Tyr Thr Ser Ar, Gin lie Pro Gin Asn Phe He Al. 

ASP ryr Phe Gl. Thr Ser Ser Gin Cys Ser L.s Pro Gly Val He pHe 

= 3 60 
Leu Thr Lys Arg Ser Ar, Gin Val Cys Al, Asp Pro Ser Glu Glu Trp 

'^^ 80 
val Gin Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala 

2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS* 

(A) LENGTH: 92 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Met Lys Leu Cys Val Thr Val Leu Ser Leu Leu Met Leu Val Ala Ala 

Phe cys ser Pro Ala Leu Ser Ala Pro Met Gly Ser Asp Pro Pro Thr 

Ala cys cys Phe Ser Tyr Thr Ala Arg Lys Le. Pro Arg Asn Phe Val 

40 45 

val ASP Tyr Tyr Glu Thr Ser Ser Leu Cys Ser Gin Pro Ala Val Val 

60 

Phe Gin Thr Lys Arg Ser Lys Gin Val Cys Ala Asp Pro Ser Glu Ser 



Trp Val Gin Glu Tyr Val Tyr Asp Leu Glu Leu Asn 
85 90 

INFORMATION FOR SEQ ID NO:S: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 99 amino acids 

(B) ryPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 5 : 



Met Lys Val Ser Ala Ala Leu Leu Cys Leu Leu Leu He Ala Ala Tbr 

Phe He Pro Gin Gly Leu Ala Gin Pro Asp Ala He Asn Ala Pro Val 

25 30 

Thr Cys Cys Tyr Asn Phe Thr Asn Arg Lys He Ser Val Gin Arg Leu 
J3 40 45 

Ala ser Tyr Arg Arg He Thr Ser Ser Lys Cys Pro Lys Glu Ala Val 

55 60 

lie Phe Lye Thr He Val Ala Lys Glu He Cys Ala Asp Pro Lys Cln 

Lys Trp Val Gin Asp Ser Met Asp His Leu Asp Lys Gin Thr Gin Thr 
85 90 95 

Pro Lys Thr 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 77 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ala Gin Pro Asp Ser Val Ser He Pro He Thr Cys Cys Phe Asn Val 

10 IS 

lie Asn Arg Lys He Pro He Gin Arg Leu Glu Ser Tyr Thr Arg He 
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Thr Asn He Gin Cys Pro Lys Glu Ala Val He Phe Lys Thr Lys Arg 

40 45 

Gly Lys Glu Val Cys Als Asp Pro Lys Glu Arg Trp Val Arg Asp Ser 

55 60 

Met Lys Hie Leu Asp Gin He Phe Gin Asn Leu Lys Pro 

70 75 



{2) INFORMATION FOR SEQ ID NO: 7: 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LQWTH: 109 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : eingl© 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 7 : 



Met Trp Lys Pro Met Pro Ser Pro Ser Asn Met Lys Ala Ser Ala Ala 

^ 10 15 

Leu Leu Cys Leu Leu Leu Thr Ala Ala Ala Phe Ser Pro Gin Cly Leu 
^° 25 30 

Ala Gin Pro Val Gly He Asn Thr Ser Thr Thr Cys Cys Tyr Arg Phe 
^ 40 4 5 

He Asn Lys Lys He Pro Lys Gin Arg Leu Glu Ser Tyr Arg Arg Thr 

Thr Ser Ser His Cys Pro Arg Glu Ala Val He Phe Lys Thr Lys Leu 

■'S 80 

Asp Lys Glu He Cys Ala Asp Pro Thr Gin Lys Trp Val Gin Asp Phe 
85 90 95 

Met Lys His Leu Asp Lys Lys Thr Gin Thr Pro Lys Leu 
100 105 



(2) INFORMATION FOR SEQ ID NO : 8 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 91 amino acids 

(B) TYPE: eunino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 

Met Lys Val Ser Ala Ala Arg Leu Ala Val He Leu He Ala Thr Ala 

^ 10 15 

Leu Cys Ala Pro Ala Ser Ala Ser Pro Tyr Ser Ser Asp Thr Thr Pro 
2° 25 30 

Cys Cys Phe Ala Tyr He Ala Arg Pro Leu Pro Arg Ala His He Lys 

40 45 

Glu Tyr Phe Tyr Thr Ser Gly Lys Cys Ser Asn Pro Ala Val Val Phe 

55 60 

Val Thr Arg Lys Asn Arg Gin Val Cys Ala Asn Pro Glu Lys Lys Trp 

^ "^5 80 

Val Arg Glu Tyr He Asn Ser Leu Glu Met Ser 
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85 90 

(2) INFORMATION FOR SEQ ID NO : 9 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 86 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO : 9 : 

Met Ly8 Val Ser Val Ala Ala Leu Ser Val Leu Leu Leu Val Ala Ala 
15 10 15 

Leu Cys Asp Ala Gin Pro Thr Thr Cys Cys Phe Ser Tyr Thr Asn Arg 
20 25 30 

Lys lie Pro Arg Gin Arg Leu Glu Ser Tyr Phe Glu Thr Ser Ser Gin 
35 40 45 

Cys Ser Lys Pro Ala Val He Phe Lys Thr Lys Arg Gly Lys Glu Val 
50 55 60 

Cys Ala Asp Pro Ser Glu Lys Trp Val Gin Asp Tyr Met Lys Leu Glu 
65 70 75 80 

Leu Asp Lys Gin Thr Lys 
85 
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1. A purified polynucleotide comprisino a nucleic Ar-in — 

V iBins a nucleic acid sequence encoding the 

polypeptide having the sequence as depicted in SEQ ID NO: 2. or its 
conq^lement . 

5 

2. The polynucleotide of Cl.i™ i wherein the nucleic acid se^ence cons..ts 
of SEO ID N0:1. 

3. An expression vector corapriein, the polynucleotide of Cl.im 2 

10 



4. A host cell comprising the 



expression vector of Claim 3. 



5. A nucleic .cid probe con^rising a non-conserved fragment of the 
polynucleotide of Claim 2 . 

IS 

6. The nucleic acid probe of Cl.i» 5 con^risin, a nucleotide se<^ence 
encoding amino acid residues fror, a«ino acid 22 to 63, inclusive. 

20 lo J^"'"^'* con^rising a polynucleotide se^ence con^le»entarv 

20 to at least a portion of the polynucleotide of Claim 2. 

8. A method for producing a polypeptide comprising the se^ence as depicted 
in SEO ID NO:2. said method comprising: 

25 a, culturing the host cells of Claim 4 under conditions suitable for 

the expression of the polypeptide, and 

b) recovering said polypeptide from the cell culture. 

30 9. A purified Eosinophil Expressed ChemoKine having the anino acid sequence 
as depicted in SEQ ID NO: 2. 

10. The purified Eosinophil Expressed Chemokine of Claim 9 having the N- 
terminal an»ino acid residue of residue 21, Alanine, of SEQ ID NO: 2. 

11. An antibody specific for the purified polypeptide of Claim 9. 



12. A diagnostic composition for the detecti 



on of nucleic acid sequences 
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ZZ'Z ctLT" 

5 EEC in . biolooic-l eanpl,. cc^priein, the steps of: 

.) co^binino the biological s^le with . polynucleotide which 
^ri.«. th. nucleic «cid serene, of SEQ 10 N0:1. or . f„^ent thereof 
under condition, .uitabl. .o. the fon^tion of . nucleic .cid h.b.idi.: on 
cc«plex between the nucleic .cid sequence of SEQ ID NO-1 and . co™>i 
10 nucleic ecid sequence in said s-niple, complementary 
b) detecting said hybridization complex, and 

wherein'th""^''"" ""^ "-''^^^^'"^on complex with a standard 

Where n the presence of an abnon^l level of said hybridization co:,.lex 
correlate, positively with a condition associated with infla™.tio„ 

^.inoph'lTr" nucleotide .equences encoding 

Eo^nophil spleen Expressed Che»o.ine in a biological sa^le. con^risin, the 

30 

.,co^i„i„„ the biological .an^le with polymerase chain reaction 
pri^rs under conditions suitable for nucleic acid a^lif ication. w e ein 
..id pri.«r. co»^ri,e frag^ts from non-conserved regions of the nucleotide 
sequence of SEQ ID tK>:l; nucleotide 

35 

b) detecting ainplified nucleotide sequences, and 

c, conparing the amount of an^Ufied nucleotide sequences in said 

In abnolr l^T^^ — 
an abnormal level of said nucleotide sequence correlates positively with a 

condition associated with aberrant expression of EEC 

35 ilfin^t""'"! ' '''"""'^ ""^"""'^ ^« ''^nc.ing 

35 affinxcy with the polyj>eptide of Claim ft «^ - 

the steps Of: conprising 
a) providing a plurality of compounds; 
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b) combining Eosinophil SpXeen Expressed Chemokine (EEC) with each of 
plurality of co»^oux„5. for . ti^e sufficient to allow binding under suitable 
conditions ; and 



c) detecting binding of EEC to each of the plurality of compounds, 
thereby identifying the compounds which specifically bind EEC. 
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1/5 



5 18 27 36 45 

Met lys Val Ser Val Ala Ala Leu Ser Cys Leu Met Leu Val tS 21 ^ 

63 72 81 90 99 lofl 

TCXCAGCXXCGCGTCACAAAACyvTGCAGAGACAGAGrrcATGATGTCAA^ 
ser Gin Ala Ary Val Thr Lys Asp Ala Glu Thr mI^ ^ 2^ 

117 126 135 144 153 igo 

CCA TTG GAA AAT CCA GTA CTT CTG GAC ATG CTC 

Pro t^u. Glu Asn Pro Val Leu Leu Asp Met Leu Trp Arg Arg Lys lie cly Pro 



171 

CAG ATG ACC CTT TCT 
Gin Met Thr Leu Ser 

225 

ATC TCC TAC ACC CCA 
He Ser Tyr Thr Pro 

279 

ACG AAC AGC GAC TGC 
Thr Asn Ser Glu Cys 

333 

CGT TTC TGT GCC AAC 
Ary Phe Cys Ala Asn 



189 198 207 2I6 

CAT GCT GCA GCy^ TTC CAT OCT ACT ACT GCT GAC TGC -rcC 
His Ala Ala Gly Phe His Ala Thr Ser Ala Asp Cys Cys 

234 243 252 261 270 

CGA AGC ATC CCG TGT TCA CTC CTG GAG AGT TAC rrr GAA 
Arg Ser He Pro Cys Ser Leu Leu Glu Ser Tyr Phe Glu 

297 306 315 324 

TCC AAG CCG GGT GTC ATC TTC CTC ACC AAG AAG GGG CCA 
Ser Lys Pro Gly Val lie Phe Leu Thr Lys Lys Gly Arg 

342 351 360 369 378 

CCC ACT GAT AAG CAA CTT CAG CTT TGC ATG AGA ATG CIC 
Pro Ser Asp Lys Gin Val Gin Val Cys Met Arg Met Leu 



3B7 396 405 

AAG CTG GAC ACA CGC ATC AAG ACC AGG AAG AAT 
Lys Leu Asp Thr Arg He Lys Thr Arg Lys Asn 
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